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Background
Late gadolinium enhanced (LGE) MRI enables scar assessment in the left atrial (LA) wall, providing valuable information for treatment planning and image based procedure guidance in patient with atrial fibrillation (AF). Accurate and objective segmentation of the anatomy of the LA and pulmonary veins (PV) is an important prerequisite for atrial scar assessment. However, segmentation of the LA and PV's from LGE MRI is highly complex due to morphologic variations and limited image contrast. The study aims to develop a fully automated method for LA and PV endocardial wall segmentation from LGE MRI.
Methods
Forty-eight AF patients (age 62 ± 7, 12 female) who underwent cardiac MRI before and after RF ablation therapy were included. A contrast-enhanced MRA sequence was used for assessment of the anatomy followed by LGE MRI for atrial scar assessment. A multi-atlas based segmentation approach was used to first segment the MRA: 10 manually annotated MRA atlases were non-rigidly registered to the MRA sequence, providing a majority-voted LA segmentation (Figure 1a) . The MRA was subsequently registered to the LGE sequence to generate a multiplied LGE-MRA volume with improved contrast (Figure 1c) . Three-dimensional region-growing and active contour refinement was applied to the multiplied volume for refined segmentation of the LA endocardial wall and further identification of PVs (Figure 1d ). The automated segmentation results were compared to manual segmentation on LGE MRI from an experienced observer. The segmentation accuracy, i.e. surface-to-surface distance and Dice overlap index, was evaluated for LA and PV regions separately.
Results
The LA and PV ostia were fully and automatically segmented in all participants. Figure 2 shows an example of the automated segmentation results. In comparison to the manual LGE segmentation, the method that combines both MRA and LGE sequences yielded a surface-to-surface distance of 1.53 ± 0.48 mm in the LA region, and 2.28 ± 0.76 mm in the PV region. The Dice overlap index between the automated and manual segmentation was 83% ± 6% in the LA region and 74% ± 12% in the PV region.
Conclusions
Automated segmentation of endocardial LA and PV wall is feasible by the multi-atlas approach combined with region growing and active contour methods, utilizing both LGE and MRA sequences. With future work focusing on epicardial wall identification, the proposed method may improve the reproducibility of atrial scar analysis for AF patients. 
